
ib Polarized DIS: Spin crisis, world data, sum rules, NLO analyses 

ib AT at large-a: 

a 91 in the resonance region, Generalizedl GDH sum rule 

e The .rl.2 structure function 

e Duality in spin structure functions 



UNPOLARIZED D:EEP INELASTIC SCATTEM&a 

4 

( E p )  

0 0 = electron scattering atngle.(lab frame) 

0 Q2 = d < - v2 = ~ m o ~ n e n t u m  transfer squared 

0 u = E -- E’ = energy transfer 
a. = 2 M w  

0 n: is the fraction of the nucleon mornecULirn carried by the ‘‘s~,I~c~’’ 
quark. 

- 4a2Et2 c0s2(t)/2) - do 
&dE’ Q4 



POL,ARIZED DEEP INELASTIC SCATTERING 

0 Can also write in terns of x/irtual photon absorption cross-sections 



Polarized Deep inelastic Scattering 

Measure asymmetries 

e f is a dilution factor to account for scattering from 
unpolarized nuclei. 

0 p b  and Pt are I,he beam and target polarizations 

e Obtain polarized structure functions: 

e D and D' contain kinematic factors an 
unpolarized cross section 



Quark Parton Model 

In the limit where Q2 -+ 00, the nucleon consists af 
3 nori-interacting valence qularks plus “sea” quark 
pairs. In this simple picture we can write: 

QT is the probability of finding a quark with it’s spin 
paralUel to the nucleon spin. 
ei is the charge of the quark. 

From this we can write the fdiowing sum rule: 

4 1 1 
18 18 18 

1 
11: = gy(z)dz = -Au + -Ad + -As 

where 

1 
nu = / [(UT(.) + $(x)),-- (ut(.) + Qf(s))] d z  

0 



Or, expressed in terms of the SU(3) flavor 
corn binations: 

1 1 1 1 

.pT = 1 gy(x)dx = -Aq3 12 + 36 
+ -AX 9 

where 

Qq3 = AU - Ad = F -t- D = 1.2601 f 0.0025 4- 
Aqg = AU i- A d  I-  AS = 3F - D = 0.579 + 0.025 % 

AX is the fraction of the nuclleon spin carried by the 
quarks. 

& A t 3  + k~loun frw n e i h w  and hypmn d e c y  



Sum Rules - 

Ellis-Jaffe Sum Rule (assume As = 0) 

= 0.172 f 0.003, Q2 = 3.0 (GeV/c)2 

6 
1 1 

r;" = g;"(x)dx = A 6 ( - 4 4 3  2 + 
= -0.0'20 f 0.003, Q2 = 3.0 (GeV/c)2 

Bjorken Sum Rule 
Derived before QCD using current algebra. Assumes 
isospin symmetry and QPM. 

1 1 
rp-n 1 = 1 (ggx)  - g;"(x))dz  = 6aq3 

= 0.181 f 0.003, Q2 = 3.0 (GeV/c)2 



SUMMARY OF DIS EXPERIMENTS 
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Factorization of gr - 

Factorization theorem allows us to write: 

* Ct1oose N f  = :3 

0 C 4 , ~ ( x ,  as) correspond to hard scattering photon- 
quark and photon-gluon cross sections. 

m Calculated in pQCD as an expansion in powers 

In leading order, we recover the simple QPM 
ca (0) (x) = d(1 -- XI, c, (0) - - 0 
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E155 NLO FIT RESULTS 
A lJ = Q 7lf0. a2-c9.Q$ 

V 

0 Quark Spin Contribution 4d,z  - @ . ~ S $ 0 4 3 $ Q O ~  

AX = 0.23 f 0.04 f 0.06 at Q2 = 5 GeV2. 

e Ellis-Jaffe Sum ]Rules predict AX = 0.58. 
-+As#O 

Bjorken Sum Rule at Q2 = 5.0 GeV2: 
J[$(X) - ~ T ( x ) ] c Z X  = 0.176 :rt 0.003 f 0.007. 

0 Theory: 
J [ g y ( X )  - g ; ” ( ~ ) ] d ~  = 0.182 f: 0.005 
(up to third order in a,). 

0 AG = 1.6 f 0.8 f 1.1. 
spI~ fide rz/,dL t AG -I- (LE) = Yz 

PLANS TO MEASURE AG 

0 Electrons don’t directly interact with gluons. 

0 COIMPASS at CERN-Photon-gluon fusion to pro- 
duce charm mesons using high-energy muon beam. 

0 R..HIC Spin Physics Program-gluon-gluon fusion 
via polarized proton-polarized proton collisions. 

0 SLAC Experiment E161-Photon-gluon fusion us- 
ing real photon beam. 



0.1 

0.08 

0.06 

0.04 

0.02 

0 

i 

0 World Data: 3.0 Gel? *= e2 e 5.0 Gel? 1 

_ _ _ _ _ _ _ _ _ _ _  NLO i(AAC) 

10 -3 10 -l 1 
X 



0.5 r 
0.4 1 %All"(%) - NLO 

X 

1.5 1 %AG(%) - NLO 

A .'c .:. ., ,. &'*e. 

??+.*. 
1 ,, , .  ,, ............ .. - 

f 

0.15 
I 

%Adv(%) - NLO 
i 0.M 

......................... 

4.05 

-0.1 

-0.15 

X 

X 



Virtual Photon-Nucleon Asymmetries 

' 
0 For y2 = Q2/v2 := 0 (high energy), Ai %'gl/Fi 
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A: World Data and Theoretical Predictions 
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(1) CQM 
(2) LSS gl/F1 at Q2 = 5 (GeV/c)2 
(3) Statistical Model A1 at Q2 = 4 (GeV/c)2 
(4) Local duality A1 

(5) Chid soliton model at Q2 = 3 (GeV/c)' 
(6) Bask SU(6) = 5/9 
Q E155 ,fit gl/Fl 



A? World L?ata and Theoretical Predictiions 
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0 C,himl Qua$-Sditon Mindel: 
* j  

, : I  
: i  I .  i 

H,Weilgel, L.Uathtjeh and H.Reinhaidf,'Ph$$.: Lett; 'B399,287 (1997), Phys.. Rw. 
D55.6910 (1997). 

- 'Ikro flavor chiral soliton approach to baryons, based on the Bosonized. 
NambuJona-Lasinlo ("JL) model; 

-..-~~el-degrees-otfreedomars~effecti~ ccinstituen\ quarks;--- .. ' 

- Tentative calculation done for 3 at Q2=l .5,2.0,3iO I (GeV/c)'. 
. z ' .  "*.) i 
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I (Experiment E$9- 1 1 7 

MEASURED A? AT 

*“ 

XBj 0.331 0.474 0.609 

Q2 (GoWC)~ 2.730 3.567 4.007 

W2 ( G ~ V / C ) ~  6.426 4.046 4.023 

thwdgh e- asymmetries All and A1 in inclusive t? - 3Ze DIS; 

EXPERIMENTAL SETUP 

0 Jefferson Lab(JLab) pollarized e- beam, 5.734 GeV, heam = 81%, 12 PA 

0 Hall A polarized 3 H e  target, - 10 atm, Piorg = 40% 

0 Two tiall A High Resolution Spectrometers (HRS) at symmelfk positions 
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0 Precisiion measurement of spin asymmetry in valence quark region 

0 Decisive test of paCD vs quark model, insight to quark-gluon wavefunctions 



fin A- -+---- 
s 

e Inelastic scattering described by two spin 
structure functions, g l (x ,Q2)  and g 2 ( x , Q 2 )  

which'are wel l  known for Q2 > 1.0 G e V 2 .  

Not well-knoiwn in 

at low Q2. 

Closely related to v 

resonance region and 

rtual Compton scattering 
which is describe5 by spin-dependent 

am,plitudes S, ( v ,  Q ') and S, ( v ,  Q 2 ) .  



* Dispersion relation connects virtual Compt~n 
amplitude SI to spin structure function GI, 4 n ‘ I t  (F,Q? 

GI (v‘, Q2)v’ 
v’2 -v S1(v,Q2) =4$- Q 2 / 2 M  dv’- 2 

* At: v, Q2 = 0, low energy theorem states, 
I C 2  

S,(O,O) = --- iw 

r) si are photon absorbtion cross sections 
ic is the anomalous magnetic: moment of the nucleon 



a From these relations, we obtain the 

original (Q2=O) GDlH sum rule. 

Tc2 
2z2a @)]e = - 

V M' J2 

I) For Q' > 0, substitute 7Jirtual cross sections, 

related to the spin structure fimctctions, 



Ji and {Osborne, ht:p-phl9905410 

* Generalizle the GDFE sum rule for any 

Q2 as follows: 

For Q2 e 0.2 GeV2, the, nucleon is 

hadron-like, and SI (Q2) can be described 
using chird perturbation theory. 

For Q2 > 0.5 GeV2, the nucleon is 
quark-like, and S, (Q2) can be described 
using a twist expansion and pQCD. 

* In the transition region, 0.2 < Q2 e 0.5 GeV2, '. 
the behavior is not well known. 



LJsing the relations 

12" g1 ( x ,  Q 2 )  = MvG, (v, Q:') and x = - 
2Mv 

we can re-write the generalized GDH sum: 

Using the OPE, it can lbe shown as Q2 + 00, 

4 
3Q2 

Sp (0, Q 2 )  - s;'(O, e"> 

which gives the Bjorken Sum Rule: 
1 
6 ) -g: (x, Q 2  )3dx = - g, 

2 1 J', csPiix, 
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The 9 2  Structure Function 

a Unlike 91, the $2 structure function does not have 
a simple QPM interpretatiion. 

0 It is sensitive to quark-gluon exchange between 
constituent quarks, as well as quark mass 
contributions. 

Usually interlpreted in the framework of the 
Operator Product Expansion: 

Operiator Product Expansion 

DIS related to the virtual Connpton scattering via the 
Optilcal Theorem. 



Higher twist terms represent contributions from 
quark-gluon interactions: 

J Q ding t w i s t s ~  -4w;*f=3 ,&)Y' i w w y  (+I 
Leading Twist=2, higher twist terms are supressed 
by additional powers of l /Qs  

g2 is a unique place to look for higher twis;t due to the 
following decomposition from Wandzura & Wilczek: 

tu;>$- 2" k+S' ta;,t 

So, by measuring g1 and g2 precisely, we can 
directly access higher twist effects.TLA0 E97-163 J Kq I(rtmep 



Ta+xsrn Lab 
E97-103 OVERVIEW 

n measurement of gg(x, Q2) as a function of Q2 
. .  2 

n Aug-Sept, 2001. 

Uized electron scatteiring from longitudinally and 
>larked 3He target, :lee($, e’), - 
2nt spectrometers mleasuring at same kinematics. 

lems: Raw asymmetry N 700 f 200 ppm. Sensi- 
- .  
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Moments and $;urn Rules 

B u r kh a rd t -Cott i n g h i3m S u m R u 1 e 

i1 g2(x, Q2)dx = 0, as Q2 -+ 00 

Experimentally difficult to test because low-x 
beha,vior is completely unknown. 
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6 = 2xc/(l+ 41 + 4M2x2/Q2) 
I. Niculescu et a/. 
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Measurement of neutron (3He) spin structure functions in the 
resonance region. 

Spokespteople: N. Liyanage, J. P. Chen, S. Choi 

1. A precision measurement of neutron spin structure functions in the resonance region up 
to Q2 = 5.5 GeV2. 
Test quark-hadron duality in spin structure funcctions. 
A first test of spin-flavor dependence of duality 

2. If dualilty established 
Powerfiul tool to study very high x behavior. 

3. Understanding quark-hadron duality wlll halp uo underatand confinement of 
quarks in protons and nsiutmns 

4.11 

4.176 

A Proposed meosuremenl 
' (r= 1.3 (GeV/c)' 

0 E154 DIS doto. 
' 0'=5 (GeV/c)' 

E143 Resonance dolo, 
0'- 1.3 (GeV/c)' 



(p e&) 
r) DIS: All DIS results firom SLAC, HERMES, SMC/EMC now pub- 

lished. Bjorken Sum Rule satisfied. Spin of nucleon not primarily 
carried by quark spin. tf E e f l  &4-etvd 

1) Large-z region: New precision data from JLab E99-I 17 show Af 
increasing with x for the first time. Now able to discriminate between 
models in valence quark region. 

in resonance region: New precision data for both proton and neu- 
tron coming from all three Halls at Jefferson Lab. Allow careful study 
of hadronization of nucleon, quarks-mucleon, pQCD+non-pQCD. 
Precision determination of Q2 evolutioin of GDH sum rule. 

a .(IZ structure function: New precision data from SLAC (E155x) and 
JLab now allow us to quantify specific higher-twist contributions to 
nucleon. 

e Spin Duality: Approved experiment to look for duality in spin struc- 
ture functions. If duality holds, opens new door to studying large-z 
region. 

e Future: Rich program of nucleon spin structure studies using inclu- 
sive scattering at 12 GeY at Jefferson Lab, A,,  g2. 

Not covered: Semi-inclusive physics at IHERMES, JLAB. AG at COM- 
PASS, SLAC, RHIC. Transversity, DVCS ,..... 

e 



e DIS: SLAC E142-El55x collaborations, HERMES, SMUEMC 
See heppNO203 I55 for references. 

NLO: JI. B lh le in ,  H. Elottcher, hep-plnIO203155 

G. Cates, Z.E. Meziani, P. Souder 

Resonance, E94-0 1 0 4 .  Deur, S. Choi, nucl-ex/0205020 
Hall BPCLAS collaboration, S. Kuhn, IC. Griffioen, R. DeVita 
EO 1-006-0. Rondon, E. Wesselmann, m. TO ne s 

e A;, E99-117: X. Zheng, JLab polarized 'He and Hall A collab., J.P. Cheij, 

e 92: SLAC E155x collab., E97-103 K. Kramer, W. Korsch 

Y Spin Duality: N. Liyanage, J.P. Chen, S. Choi 


